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(57) ABSTRACT

Multiple workpieces are inductively heated by passing them
through one or more induction heating coils. Passage of a
section of each workpiece through a coil may oscillate 1n the
forward and reverse directions, independent of the move-
ment of the other workpieces, one or more times, to selec-
fively heat each workpiece while operating the power sup-
plies for each of the induction heating coils at constant
current, voltage and/or power to maximize the efficiency of
the electrical circuit and minmimize the requirements for
power supply control circuitry.

4 Claims, 2 Drawing Sheets
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SIMULTANEOUS INDUCTION HEATING OF
MULTTPLE WORKPIECES

CROSS REFERENCE TO RELATED
APPLICATTONS

This application claims the benefit of U.S. Provisional
Application No. 60/374,065, filed Apr. 19, 2002.

FIELD OF THE INVENTION

The present invention relates to simultaneous induction
heating of multiple workpieces wherein the degree of heat-
ing of each workpiece can be varied.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 5,844,213 (the 213 patent), titled Induction

Heating Coil Assembly for Prevention of Circulating Cur-
rents 1n Induction Heating Lines for Continuous-Cast Prod-
ucts, discloses an induction heating coil assembly 24 that 1s
used to inductively heat a single slab 26 as it passes through
the coil assembly on conveyor rolls 27 and 29.

The disadvantage of the roller induction heating line in
the 213 patent 1s that 1t 15 used to heat only one slab, or other
workpiece, at a time. Therefore there 1s the need for an
induction heating line that will heat multiple workpieces at
the same time, and will allow each of the multiple work-
pieces to be inductively heated to varying degrees with use
of one or more induction heating coil assemblies for all of
the workpieces.

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention 1s an apparatus for and
method of simultaneously induction heating of multiple
workpieces to different temperatures with one or more
induction heating coil assemblies through which the work-
pieces pass 1n an oscillatory forward and reverse motion as
required to inductively heat each workpiece to the required
temperature. These and other aspects of the invention are set
forth 1n the specification and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures, in conjunction with the specification and
claims, illustrate one or more non-limiting modes of prac-
ticing the invention. The invention 1s not limited to the
1llustrated layout and content of the drawings.

FIG. 1(a) 1s a plan view illustrating one arrangement of
apparatus of the present invention for simultaneous mduc-
tion heating of multiple workpieces.

FIG. 1(b) is a plan view illustrating the arrangement of
apparatus of the present invention in FIG. 1(a) for simulta-
neous 1nduction heating of multiple workpieces with mul-
tiple workpieces typically positioned on the apparatus.

FIG. 2 1s a plan view 1illustrating another arrangement of
apparatus of the present invention for simultaneous mduc-
tion heating of multiple workpieces.

FIG. 3 1s a plan view 1illustrating another arrangement of
apparatus of the present invention for simultaneous mduc-
tion heating of multiple workpieces.

FIG. 4 15 an elevational sectional view through line A—A
in FIG. 1(b) of an induction heating coil assembly and
multiple workpieces.
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FIG. § illustrates one method of driving conveyor means
used with the apparatus of the present invention for simul-
taneous mduction heating of multiple workpieces.

FIG. 6 1s a side sectional view through line B—in FIG. 5
of drive shafts for conveyor means used with apparatus of
the present invention for simultaneous induction heating of
multiple workpieces.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, wherein like numerals
indicate like elements, there 1s shown in FIG. 1(a) and FIG.
1(b) one example of apparatus 10 of the present invention
for stmultaneous induction heating of multiple workpieces.
Previously mentioned U.S. Pat. No. 5,844,213 (the 213
patent) is incorporated herein by reference in its entirety. For
apparatus 10 in FIG. 1(4) and FIG. 1(b), a non-limiting
number of two induction heating coil assemblies 24 are
used. Each induction heating coil assembly may be, but 1s
not limited to, the induction heating coil assembly as dis-
closed 1n the 213 patent. Conveyor means for each of the
multiple workpieces 1n this example of the mvention com-
prises a plurality of rollers 12 arranged among a plurality of
support structures 14. Each of the rollers 1s suitably con-
nected to the support structure to provide for independent
rotational movement of each roller relative to the support
structure. The use of rollers 1s not a limiting type of
conveyor means for practicing the imnvention, as long as the
conveyor means can move a workpiece 1n the positive
(forward) and negative (reverse) directions along the X-axis
(i.. in the forward or reverse directions through each of the
induction heating coil assemblies). Each roller 12 is con-
nected to a drive means 16 via suitable connecting means 18.
Suitable, but not limiting, drive means can be a reversible
clectric motor drive. Suitable, but not limiting, connecting
means 18 1s a drive shaft connected at one end to the output
of the drive means, and at the other end, to the associated
roller, whereby the drive means can drive the associated
roller 1n a circular motion that 1s either clockwise or coun-
terclockwise. Guide means 20 can be used at various loca-
tions along the heating line to keep each of the multiple
workpieces 1n alignment on 1ts conveyor means as i1t moves
in the forward and reverse directions along the X-axis
through the mnduction heating coil assemblies.

FIG. 1(b) is apparatus 10 of FIG. 1(a) with an exemplary
seven multiple workpieces, WP1 through WP7 (shown
crosshatched), typically illustrated as they are being induc-
tively heated by apparatus 10. FIG. 4 1s a sectional view of
the workpieces at the exit end of the second induction
heating coil assembly 24. In this example, each workpiece
enters apparatus 10 at the location labeled START along the
X-axis in FIG. 1(b). The series of aligned rollers 12 under a
particular workpiece, defined as a workpiece roller track,
advances the workpiece through apparatus 10 until 1t exats at
the location labeled END. Each workpiece does not neces-
sarily travel only 1n the positive direction along the X-axis
as 1t moves through the apparatus. Each workpiece may
move back and forth 1n the positive and negative directions
along the X-axis by clockwise or counterclockwise rotation
of rollers 12 that make up the workpiece’s roller track and
upon which the workpiece travels. By moving a section of
a workpiece back and forth through one of induction heating,
coil assemblies 24, a selective degree of heating of each
individual workpiece can be achieved. If desired, a varied
induction heating profile along the length of a workpiece can
be achieved by varying the amount of time that a section of
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the workpiece passes through one of the two induction
heating coil assemblies. This oscillatory movement of the
workpiece piece through apparatus 10 minimizes the longi-
tudinal lengths and quantities of each induction heating coil
assembly 24. Guide means 20 may comprise a series of
vertical spacers 20a that form a chute, or guide path, through
which each workpiece will be guided as 1t oscillates through
apparatus 10. Because of the use of independent drive means
for the conveyor means associated with each roller in the
roller track for each of the multiple workpieces, each work-
piece can be subjected to different degrees of induction
heating with the use of apparatus 10. This 1s advantageous,
for example, when workpieces are of different compositions,
or sizes, and require different degrees of imnduction heating.
For example at any given time, multiple workpieces WP1
through WP7 may be a mix of: stainless steel bars that
require heating to 2,400° F.; nickel alloy bars that require
heating to 2,125° F.; and titanium alloy bars that require
heating to 1,750° F. With the ability to independently
oscillate each bar along the positive and negative X-axis as
it progresses through apparatus 10, each of the induction
heating coil assemblies can be operated at constant input
current, voltage and/or power to optimize the electrical
efficiency of each coil and power supply circuit, and to
climinate electrical control circuitry associated with a coil
operating at a variable current, voltage and/or power to
achieve varying degrees of induction heating as a workpiece
passes through it. The varying and alternating forward and
reverse movement of each workpiece along its longitudinal
axis through each of the mmduction heating coil assemblies
controls the degree of induction heating of the workpiece
along 1ts longitudinal axis.

FIG. 2 1llustrates another arrangement for apparatus of the
present 1nvention for simultaneous induction heating of
multiple workpieces wherein, for each of the multiple work-
pieces, adjacent rollers associated with each workpiece, for
example, rollers 12a and 1256 1 FIG. 2, are spaced equally
apart along the heating line (one support structure 14 con-
stant spacing distance). Quantities, arrangement and spacing
of rollers for a particular application will vary depending
upon factors such as the rigidity of the workpiece (support-
ing function of the rollers) and the speed (friction and
workpiece loading on the rollers) at which the workpiece
oscillates through the apparatus.

FIG. 5 and FIG. 6 1llustrate one method of independently
driving multiple rollers on the same supporting structure 14.
Concentric drive shafts 30 and 32 are connected at one end
to rollers 12¢ and 12d, respectively. At the opposing end,
shafts 30 and 32 are connected to drive means 34 and 36,
respectively. In this particularly arrangement, connecting
means 38, such as a belt or chain, connects the outer
concentric shaft 32 to the output shaft 40 of drive means 36.
With this arrangement, drive means 34 independently drives
roller 12¢ associated with a first workpiece and drive means
36 independently drives roller 124 associated with a second
workpiece.

For the non-limiting examples of apparatus 10 1mn FIG.
1(@) and FIG. 2, the transverse width of each induction
heating coil assembly 1s aligned substantially normal to the
longitudinal axis of each workpiece and the direction of
travel of each workpiece. Skewing the transverse width of
induction heating coil assembly 24 relative to the direction
of travel of the workpiece as illustrated in FIG. 3 will
maximize the volume of a workpiece that 1s within the coil
assembly at any given time, and consequently, will maxi-
mize the volume of the workpiece being inductively heated
at any given time. While this will skew the magnetic field
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generated 1n the coil relative to the longitudinal length of a
workpiece and establish both transverse and longitudinal
eddy current paths in the workpiece, adjacent rollers for the
same workpiece, such as rollers 12¢ and 12f in FIG. 3, may
optionally be electrically 1solated from each other to elimi-
nate the possibility of any stray current paths. In some
examples of the invention, a combination of skewed and
normally oriented induction heating coil assemblies may be
used.

While each roller 1n a roller track for a particular work-
piece 1n the above examples has an independent drive
means, two or more of the rollers 1n the roller track for a
particular workpiece may be interconnected to a common
drive means.

In any example of the present invention, all independent
drive means may be confrolled by a computer system
comprising one or more processors. The processor may
output forward and reverse drive signals to each drive means
to control the oscillatory motion of each workpiece. The
oscillations (number, distances and speed) that a particular
workpiece will be subjected to may be controlled by a
computer program executed by the processor, or, optionally,
with operator input to the computer system. Each oscillation
program for a particular type of workpiece may be stored 1n
a memory component in the computer system and executed
by the processor for a particular workpiece and induction
heating requirements. Optionally the computer system may
further comprise workpiece speed and position sensors, such
as laser beams, and/or temperature sensors, such as pyrom-
cters, that are positioned along the induction heating line.
The output of these sensors can be 1nputted to the computer
system so that the oscillations can be adjusted for real time
heating control of each workpiece. For example as shown 1n
FIG. 1(b), temperature sensor 42 can provide an input to
processor 44 as to the temperature of workpiece WP1 along
its length as 1t moves past the temperature sensor. The
processor, based upon a comparison of the sensed tempera-
ture and desired temperature of workpiece WP1 at that point
in the process, can output a signal to drive means 16 for
workpiece WP1 to alter the oscillatory forward and reverse
movement of workpiece WP1 through the induction heating
coll assemblies. Further the computer system may be inte-
ograted with a workpiece loading system wherein the work-
piece loading system will selectively load the next work-
piece to be heated on to a roller track that will maximize
throughput of workpieces based upon the time that a par-
ticular workpiece spends on the roller track 1n apparatus 10
for the required heating,.

Although a rectangular bar workpiece 1s 1llustrated in the
above examples, the shape of the workpiece 1s not limiting,
to the 1mmvention. For example the workpieces may be of
tubular construction. Further all of the multiple workpieces
need not be of the same dimensions or types. The above
examples are 1llustrative of the mnvention and does not limait
the number of induction heating coil assemblies and mul-
tiple workpieces that may be simultaneously heated in an
apparatus of the present invention.

The foregoing embodiments do not limit the scope of the
disclosed mvention. The scope of the disclosed 1invention 1s
further set forth 1n the appended claims.

What 1s claimed 1s:

1. An apparatus for simultaneously induction heating an at
least two elongated workpieces adjacently disposed to each
other, the apparatus comprising an at least one induction
heating coil assembly wherein the transverse axis of at least
one of the at least one induction heating coil assembly is
skewed to the longitudinal axis of each of the at least two
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clongated workpieces; and a conveyor means for indepen-
dently moving each one of the at least two elongated
workpieces through each of the at least one induction
heating coil assembly 1n varying and alternating forward and
reverse directions along the longitudinal axis of each of the
at least two workpieces, wherein the conveyor means com-
prises a plurality of rollers for each of the at least two
workpieces, each of the plurality of rollers connected to a
drive means for selectively rotating each of the plurality of
rollers 1n the clockwise or counterclockwise directions to
independently move each of the at least two elongated
workpieces through the at least one imnduction heating coil
assembly, wherein each of the plurality of rollers are rota-
tionally connected to a common support structure, and each
of the plurality of rollers are independently rotationally-
driven by a drive means, the drive means connected to each
of the plurality of rollers by an inner and outer concentric
shaft, respectively, the inner and outer shafts coaxially
disposed within the common support structure.

2. The apparatus of claim 1 wherein adjacent ones of the
plurality of rollers moving each of the at least two elongated
workpieces through the at least one of the at least one
induction heating coil assembly having a skewed transverse
axis are electrically 1solated from each other.

3. A method of simultaneously induction heating an at
least two elongated workpieces, the method comprising the
steps of providing an at least one induction heating coil
assembly having its transverse axis skewed to the longitu-
dinal axis of each of the at least two elongated workpieces,
and independently moving each one of the at least two
clongated workpieces through each of the at least one
induction coil assembly 1n varying and alternating forward
and reverse directions along the longitudinal axis of each of
the at least two workpieces; providing a plurality of rollers
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for independently moving each one of the at least two
clongated workpieces through each of the at least one
induction coil assembly 1n varying and alternating forward
and reverse directions along the longitudinal axis of each of
the at least two elongated workpieces, rotationally mounting
at least one of the plurality of rollers for at least two of the
at least two elongated workpieces on a common structural
support, providing a driver means for each of the plurality of
rollers on a common structural support, and connecting the
driver means for each of the plurality of rollers by an inner
and outer concentric shaft, respectively, the inner and outer
shafts coaxially disposed within the common structural
support.

4. A method of simultaneously induction heating an at
least two elongated workpieces, the method comprising the
steps of providing an at least one induction heating coil
assembly having its transverse axis skewed to the longitu-
dinal axis of each of the at least two elongated workpieces,
and 1ndependently moving each one of the at least two
clongated workpieces through each of the at least one
induction coil assembly 1n varying and alternating forward
and reverse directions along the longitudinal axis of each of
the at least two workpieces; providing a plurality of rollers
for independently moving each one of the at least two
clongated workpieces through each of the at least one
induction coil assembly 1n varying and alternating forward
and reverse directions along the longitudinal axis of each of
the at least two elongated workpieces, and electrically
1solating adjacent ones of the plurality of rollers moving
cach of the at least two elongated workpieces through the at
least one of the at least one mnduction heating coil assembly
having a skewed transverse axis.
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